We investigated native structures and mitogenic properties of pokeweed lectin-D isoforms (PL-D1 and -D2) on human peripheral blood lymphocytes along with other isolectins (PL-A to -C). Both native PL-D isoforms appeared to behave as monomers. PL-D2 proliferated the lymphocytes like PL-C, whereas PL-D1 had no mitogenicity. PL-D1 acquired mitogenic activity after trimming of the C-terminal dipeptide.
Pokeweed (Phytolacca americana) lectin is well known as a mitogenic lectin specific to N-acetylglucosamine-containing oligosaccharides and chitin. 1, 2) In contrast to typical T-cell mitogens such as Concanavalin A (Con A) and Phaseolus vulgaris agglutinin (PHA), pokeweed lectin has been reported to be mitogenic to both B and T cells. 3) Five pokeweed isolectins, designated Pa-1 to Pa-5, have been isolated and their mitogenic properties on various cells studied as reviewed in. 4) Pa-1 is the hexamer or dodecamer of a 22-kDa glycoprotein, whereas Pa-2 to Pa-5 are monomeric glycoproteins of 19 to 32 kDa. Pa-1 is mitogenic to both murine B and T cells, whereas others are mitogenic only to T cells. In contrast to murine, both Pa-1 and Pa-2 are mitogenic to human B cells in the presence of T cells. Only Pa-1 and Pa-2 have been tested to any extent with human lymphocytes.
We have isolated three mitogens, PL-A (16 kDa), PL-B (34 kDa), and PL-C (14 kDa), and two chitin-binding hemagglutinins, PL-D1 (9.3 kDa) and PL-D2 (9.1 kDa), that showed different physico-chemical properties as compared with Pa isolectins, 2, 5, 6) and have investigated their primary structures, including the chemical structure of N-linked glycans of PL-B.
6-8) PL-A and PL-B are glycoproteins whereas the others are unglycosylated proteins. PL-D1 and PL-D2 have identical protein sequences except for the presence of an additional dipeptide, Leu-Thr, at the C-terminus of PL-D1. All the pokeweed lectins characterized by us are structurally related to chitin-binding lectins composed of multiple hevein domains such as wheat germ agglutinin (WGA, a dimer of four domains) and stinging nettle lectin (UDA, two domains) as reviewed in.
9) PL-A, PL-B, PL-C, PL-D1, and PL-D2 are comprised of 3, 7, 3, 2, and 2 hevein domains respectively. Unlike pokeweed mitogens, WGA is a non-mitogen and is somewhat inhibitory to cell proliferation induction by Con A or PHA.
10)
The differences in sizes and sugar contents observed between Pa and PL lectins are perhaps based on different levels of protein purity and different analytical methods. Pa-2, Pa-3, Pa-4, and Pa-5 most likely correspond to PL-B, PL-A, PL-C, and PL-D (a mixture of PL-D1 and PL-D2) respectively, judging from the elution order in the Sephadex G-75 column and similar Cys-rich amino acid composition. Because of its prominent mitogenicity and unique mitogenic specificity, pokeweed mitogen is frequently used for analytical purposes in biochemistry, cell biology, immunology, and related fields. For a better understanding of the structure-function relationship of individual PL isolectins, we investigated the native structures and mitogenic properties of PL-D isoforms toward human peripheral blood lymphocytes (HPBL).
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2,6-8) PL-D1 and PL-D2, as well as PL-A and PL-B, showed similar sizes in both native and denatured conditions, while native PL-C (21 kDa) was about twice as large as denatured PL-C (12 kDa). These observations indicate that both native PL-D1 and PL-D2 are present as monomers, as are PL-A and PL-B, whereas native PL-C is a non-covalent dimer. Thus, both PL-D1 and PL-D2 appear to exert biological activities with two domains.
The mitogenic properties of PL-D1 and PL-D2 towards HPBL were examined in comparison with other PL isolectins and Con A/PHA. In the presence of each lectin (10 g/ml), [ 3 H]thymidine incorporation was measured on various days after lectin stimulation. PL-D1 behaved as a negative control within experimental error, whereas PL-D2 affected maximum [
3 H]thymidine incorporation on the 3rd day after incubation, as did Tcell mitogens PL-C and Con A/PHA (data not shown). The maximum [
3 H]thymidine incorporation by the Tand B-cell mitogen PL-B occurred on the 4th day (data not shown). This observation agrees with previous reports, which indicate that human B-cell proliferative response to PWM (corresponding to Pa-2 and PL-B) is delayed with respect to that of T cells. 13, 14) This kinetic analysis indicates that PL-D1 does not have mitogenic activity, whereas PL-D2 exhibits mitogenic activity without B-cell proliferation. The kinetics of murine lymphocyte proliferation by UDA is reported to be considerably different from that of Con A, with a 2 to 3 d delay, and the rate of DNA synthesis is 2-fold lower than that observed with Con A. 15) Hence the two-domain lectins PL-D2 and UDA may have different mechanisms for the induction of cell proliferation, though the kinetic differences between PL-D2 and UDA might be due to the different cells used (human or murine). The doseresponse curve of PL-D2 was bell-shaped and higher doses were inhibitory, as PL-B and PL-C show (Fig. 1A) . PL-D1 showed no mitogenic activity even at higher concentrations of up to 40 g/ml. The 50% effective dose (ED 50 ) of PL-D2 was 3 g/ml, indicating that PL-D2 has 10-and 3-fold weaker activity compared with PL-B (ED 50 , 0.3 g/ml) and PL-C (ED 50 , 1 g/ml) respectively. The dose-response curves assessed by the WST-1 assay were almost the same as those from the [ 3 H]thymidine incorporation assay (data not shown). Although PL-D1 and PL-D2 showed different mitogenicities, they have the same hemagglutination activity. 6) The different mitogenicities of PL-D1 and PL-D2 are not likely to be due to a difference of quaternary structure, since both lectins appear to be monomers, as discussed above. We then prepared the C-terminal dipeptide-trimmed PL-D1 and tested its mitogenic activity. As shown in Fig. 1B , it induced cell proliferation in a dose-dependent manner. At the optimal lectin concentration of 10 g/ml, at which PL-D1 did not show mitogenic activity, the trimmed PL-D1 induced almost the same extent of cell proliferation, as did PL-D2. Hence, the non-mitogen PL-D1 acquires mitogenic activity after trimming of the C-terminal dipeptide. Further study is needed to understand how individual PL isolectins exert various mitogenic activities to various cell types and how the C-terminal dipeptide of PL-D1 mechanistically occludes its mitogenic activity. HPLC gel filtration was performed with a Waters HPLC (625LC system) using a TSK G-2000 SW column (7:5 Â 600 mm, Tohso Co., Japan). Molecular mass was estimated using ovalbumin (45 kDa), alpha-chymotrypsinogen (24 kDa), myoglobin (17.2 kDa), cytochrome c (12.6 kDa), and aprotinin (6.5 kDa) as standard proteins.
